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R E S E A R C H  A R T I C L E

BACKGROUND: During COVID-19 pandemic, effective preventive and therapeutic strategies was urgently 
necessary, especially with the emerging Delta variants. Previous existing interventions have some limitations, and 
passive immunization using immunoglobulin Y (IgY) is considered viable. However, the potential of IgY antibodies 

remains underexplored locally. Therefore, a feasible study was conducted to produce IgY against the SARS-CoV-2 Delta 
variant from chickens raised on a farm, instead of a laboratory environment, by using in-house recombinant protein, to offer 
a promising low-cost alternative for passive immunization.
METHODS: In-house HEK293 cell line was produced by secreting recombinant S1 subunit protein of SARS-CoV-2 Delta 
variant. The protein was confirmed by western blot and used as an immunogen in two chickens. IgY was extracted from 
egg yolks. Titers and neutralization activity of IgY against SARS-CoV-2 Delta variant were confirmed by enzyme-linked 
immunosorbent assay (ELISA) and surrogate virus neutralization test (sVNT). The functionality of IgY was then tested on 
lysates from COVID-19 patients' nasopharyngeal swabs with dot blot method.
RESULTS: The high anti-S1 IgY titers and neutralization activity was confirmed following immunization with 1 mg 
immunogen at 2–3-week intervals. IgY titers varied between chickens and time points. The mean titers showed significant 
increase after the fifth immunization (1.21, 1.72 and 1.48; with p<0.05 for all). Neutralization activity appeared after the 
second immunization and was significant after the third immunization (31.9%, 34.95%, 26.9%, 47.6%, 54.95% and 57.3%; 
with p<0.05 for all). The results of this study showed that the extracted IgY reacted to COVID-19 patients' nasopharyngeal 
swabs lysates. 
CONCLUSION: A high-yield and functional IgY anti-S1 SARS-CoV-2 Delta variant can be produced from chicken 
immunized with an in-house recombinant protein. This can be an alternative for affordable and effective IgY production 
during public health emergencies.
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Methods

This study was conducted in Mochtar Riady Institute 
for Nanotechnology (MRIN), Tangerang, Indonesia, for 
plasmid construction, cell culture, immunogen production, 
and protein analyses; and PT. IPB Shigeta Animal 
Pharmaceuticals, Bogor, Indonesia, for immunization of 
layer chicken and egg collection. The procedure of the IgY 
production is illustrated in Figure 1.

Plasmid Culture and Mutagenesis
A plasmid, pUNO1-SARS-S1-His-D614 (Cat. No. p1his-
cov2-s1; InvivoGen, San Diego, CA, USA), designed 
for protein expression in mammalian cells and contained 
Wuhan-1 (D614) SARS-CoV-2 S1 subunit was inserted with 
an optimized signal sequence and codon usage. The plasmid 
was propagated in competent Escherichia coli DH5α (Cat. 
No. 18265017; Invitrogen, Darmstadt, Germany), purified 
using QIAamp Plasmid MidiPrep Kit (Cat. No. 12143; 
QIAGEN, Hilden, Germany), and the size was verified by 
Polymerase Chain Reaction (PCR) using GoTaq® PCR Core 
System I (Cat. No. M7660; Promega, Madison, WI USA). The 
pUNO1-SARS-S1-His-D614 plasmid was then modified by 
site-directed mutagenesis QuikChange II XL Site-Directed 

COVID-19, a disease caused by a novel coronavirus SARS-
CoV-2, started emerging in December 2019 and caused 
over 6 million deaths by March 2022 hence become a 
global pandemic.(1–3) It is associated with symptoms that 
include fever, chills, fatigue, and respiratory, digestive, and 
cardiovascular issues.(4) Spike (S) protein of SARS-CoV-2, 
which become one of the vaccination targets, consists of S1 
and S2 subunits. S1 subunit recognizes and binds to the host 
receptor angiotensin-converting enzyme 2 (ACE2), while S2 
subunit modulates fusogenic activity to host cell.(5–8) It has 
been reported that substitutions at spike-protein positions 
417, 452, 484, and 501 in S1 subunit contribute to antigenic 
shift.(9) Consequently, S1 subunit protein is a suitable 
immunogen to induce protective antibodies.(10–12) The first 
widely reported SARS-CoV-2 mutation was the substitution 
of aspartate with glycine at residue 614 (D614G) in 2020, 
followed by variants like Delta (B.1.617.2), which is highly 
transmissible, associated with higher viral loads, and linked 
to increased hospitalization and mortality.(13) By mid 2021, 
Delta variant had superseded the Alpha variant, accounting 
for over >90% of cases worldwide.(14)
	 Rapid and practical approaches are crucial in 
pandemic emergencies. Available treatments such as 
chloroquine (QC) and hydroxychloroquine (HCQ) were 
used early in the pandemic for COVID-19 treatment in 
Indonesia, although clinical trials showed no significant 
benefits.(15) While vaccination and antiviral agents help 
prevent infection, their development is slow and costly.
(16,17) Passive immunization is considered a viable 
alternative.(18) Chicken immunoglobulin Y (IgY) is a 
homolog of human immunoglobulin G (IgG) that is found 
in avian serum and egg yolk. It is a cost-effective, high-
yield, immunoglobulin source with a strong safety profile 
and minimal environmental impact and infrastructure 
investment.(19,20) The required immunogen concentration 
and antigen type to produce IgY vary by case, with multiple 
immunization protocols tested to maximize antibody titers. 
Studies showed hens generated strong immune responses to 
bovine serum albumin at doses of 0.1–1.0 μg, with higher 
doses (10–1000 μg, most often 50–100 μg) were also used.
(21,22) IgY has also been produced using complex antigens 
(viruses, bacteria, parasites) and single antigens (proteins, 
polysaccharides, peptides, nucleic acids).(21) The use of 
IgY for passive immunization source has been evaluated 
in vitro and in vivo against SARS-CoV-2, influenza virus, 
Ebola, Zika, Dengue and Norovirus with promising results.

(22–26) In pig model, systemic and local IgY administration 
provided protection against Rotavirus with minimal adverse 
effects and inflammation.(27,28) However, there is lack of 
local documentation on a prompt production of IgY during 
pandemic emergencies in a limited infrastructure and access 
to the sufficient amount of field isolates.
	 Indonesian government had initiated efforts to 
accelerate the management, prevention, control and 
mitigation through local research and invention. A quick 
and low-cost immunoglobulin against SARS-CoV-2 was 
one of the objectives. Although IgY production in chickens 
for other pathogens was well-documented, the country 
lacked of cultured SARS-CoV-2 Delta variant isolate for 
use as an immunogen. To address this, a recombinant Spike 
S1 protein subunit of the SARS-CoV-2 Delta variant was 
produced and used to immunize layer chickens raised for 
egg production. The resulting IgY’s potency using ELISA, 
neutralization assay and reactivity test to clinical specimens 
was then evaluated. The results of this study support the 
feasibility of producing IgY from farm chickens immunized 
by recombinant Spike S1 protein subunit of SARS-CoV-2 
Delta variant for potential diagnostics and therapeutics 
applications in pandemic emergencies.

Introduction
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Figure 1. Flowchart of IgY production procedure.
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Mutagenesis (Cat. No. 200522; Agilent, Saint Clara, USA) 
according to the manufacturer’s protocol to generate S1 
subunit Delta variant that possessed glycine at position 614 
(614G), arginine at position 452 (452R) and glutamine at 
position 484 (484Q) amino acid residues, to create pUNO1-
SARS-S1-His-D614G/L452R/E484Q. Mutation primers 
were as follow: for D614G mutation: S1-pUNO-mut 
D614G (F) TCCTGTATCAGGgCGTGAATTGCACCG 
and S1-pUNO-mut D614G (R) 
TCGGTGCAATTCACGcCCTGATACAGG; for L452R 
mutation: S1-pUNO-mut L452R (F) TGGCAACTATA
ACTACCgGTATAGACTGTTCAGG and S1-pUNO-
mut L452R (R) TCCTGAACAGTCTATACcGGTAGT
TATAGTTGCC; for E484Q mutation: S1-pUNO-mut 
E484Q (F) TGCAACGGCGTGcAAGGGTTCAACTGC 
and S1-pUNO-mut E484Q (R) 
AGTTGAACCCTTgCACGCCGTTGCAGG. Successful 
mutagenesis was confirmed via Sanger method 
(Supplementary 1). 

Cell Culture HEK293T
The human embryonic kidney containing SV40 large 
antigen (HEK293T) cells used were RIKEN (RCB2202) 
(RIKEN, Bioresource Center Cell Bank, Ibaraki, Japan), 
under a Material Transfer Agreement (MTA), and were 
exclusively cultured in the MRIN laboratory. HEK293T cells 
were grown in low-glucose Dulbecco’s modified essential 
medium (DMEM) with pyruvate (Gibco, Waltham, MA, 
USA), supplemented with 10% FBS (Gibco) and Penicillin-
Streptomycin (Gibco) in 5% CO2 at 37°C.

Plasmid Transfection, Expression and Confirmation of 
SARS-CoV-2 S1 Subunit Protein 
Protein expression was performed by transiently transfecting 
HEK293T cells (70–90% confluence) in a 6-well plate with 
2.5 µg of pUNO1-SARS-S1-His-D614G/L452R/E484Q 
plasmid using Lipofectamine™ 3000 (Cat. No. L30000008; 
Invitrogen) in 1 mL medium according to the manufacturer’s 
instructions. Different Lipofectamine amounts (1.5 or 
3 µL/µg plasmid) were tested for optimal transfection 
efficiency, incubated at 37°C, 5% CO2. Culture media 
were collected on day-3, -5, and -7 to determine the best 
incubation time. Mock cells received transfection reagent 
without plasmid. The culture media were concentrated 
using Amicon® Ultracel 10K (Millipore, Tullagree, Ireland) 
by centrifugation at 4000 x g, 4°C, for 15 minutes. Protein 
presence was measured by the Bradford method (Bio-Rad, 
Hercules, CA, USA) and confirmed by western blot.
	 Sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis (SDS-PAGE) was performed using 12% 
pre-cast acrylamide separating gel with the Precision Plus 
Protein Dual Color marker (Bio-Rad) and ran at 120 volts 
for 70 mins. Proteins were transferred to a polyvinylidene 
difluoride (PVDF) membrane using Trans-Blot® TurboTM 
(Bio-Rad). The membrane was blocked with Intercept 
(TBS) Blocking Buffer (LI-COR Bioscience, Lincoln, NE, 
USA) and probed with mouse IgG anti-SARS-CoV-2 Spike 
S1 monoclonal antibodies (R&D System, Minneapolis, 
MN, USA) at 1:250. Detection was performed using 
IRDye 800CW goat anti-mouse secondary antibody (LI-
COR Bioscience) diluted 1:10,000 in blocking buffer. The 
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membrane was scanned by Odyssey CLx Imager Instrument 
(LI-COR Bioscience).

Immunogen Production
For SARS-CoV-2-S1-Delta protein production, HEK293T 
cells grown in T-150 flasks were transfected with 37.5 µg 
pUNO1-SARS-S1-His-D614G/L452R/E484Q plasmid 
using Lipofectamine 3000 (Life Technologies, Carlsbad, 
CA, USA) at 3 µL/µg plasmid in 15 mL medium. Cells 
were maintained in DMEM without FBS with Blasticidin 
(InvivoGen) at 30 µg/mL medium. The cells were stably 
secreting protein after being preserved in liquid nitrogen 
and recultured in DMEM with FBS and blasticidin. Protein 
was concentrated by using Amicon® Ultra-15 Centrifugal 
Filter (Millipore) and reconstituted in phosphate-buffered 
saline (PBS) (Life Technologies). The confirmation of 
SARS-CoV-2 S1 subunit was performed using western blot 
as formerly mentioned. 

Immunization of Layer Chicken
SARS-CoV-2-S1-Delta reconstituted in PBS was mixed 
under high-shear conditions with Imject Freund’s 
Incomplete Adjuvant (Thermo Fisher, Waltham, MA, USA) 
at a 1:1 v/v to achieve 1 mg protein/mL emulsion. Two pre-
production six-week-old Hi-Brown layer hens (Ck-1 and 
Ck-2) were acclimated for 2 weeks before immunization in 
a protected cage with ad libitum water and a commercial 
diet. Immunizations were administered intramuscularly 
in the thigh on day-0, +21, +35, +56, and +77 at 1 mL 
per hen, containing 1 mg protein. Eggs were collected at 
multiple time points, i.e., on day of pre-immunization egg 
(-1), +21, +35, +50, +56, +71, +78, +92, +106 and +120. 
Hens were humanely euthanized via complete decapitation 
using sharp shears in a cutting cone. All animal procedures 
were approved by the Professor Nidom Foundation (PNF) 
Institution for Animal Care and Use Committee (IACUC) 
under the protocol No. 010620/IACUC/VII/2020.

IgY Purification
IgY purification was performed using the Pierce™ Chicken 
IgY Purification Kit (Cat. No. 44918; Pierce Biotechnology, 
Rockford, IL, USA) with 90% purity performance per egg 
yolk. The yolk was separated from the albumin, rolled over 
filter paper and mixed with a delipidating reagent at 5:1 
ratio. After incubation at 4°C for 2 hours, centrifugation 
(4000 ×g, 4°C, 15 minutes) was performed. The supernatant 
was collected and IgY was precipitated by adding an equal 
volume of precipitation reagent, incubating at 4°C for 1 hour, 
followed by centrifugation at 4000 ×g, 4°C for 15 minutes. 

The pellet was resuspended in PBS and sterilized using a 
0.45 μm filter. Based on the manufacturer’s instruction, total 
IgY concentration was measured using NanoDrop 1000 
(Thermo Scientific) using the provided IgY standard. SDS-
PAGE confirmed IgY heavy and light chain at 67-70 kDa 
and 25 kDa, respectively.(21,26) A 12% pre-cast acrylamide 
gel was run at 150V for 55 mins using Precision Plus Protein 
All Blue (Bio-Rad) as a marker. The gel was stained using 
Coomassie Brilliant Blue for 1 hour, de-stained overnight 
and visualized. 

Enzyme-linked Immunosorbent Assay (ELISA)
Commercial SARS-CoV-2 spike protein (InvivoGen) was 
diluted to 0.02 mg/mL in 0.05 M carbonate buffer (pH 
9.6 to 9.7), and a total of 50 μL antigen was used to coat 
immunoassay plate wells (Nunc, Roskilde, Denmark). 
Blank wells contained only carbonate buffer, negative 
control wells were prepared without capture antibody, while 
positive control wells contained IgY anti-SARS-CoV-2 
spike protein (My BioSource, San Diego, CA, USA). Plates 
were incubated at 37°C for 3 hours.
	 After incubation, antigen was discarded and wells 
were washed three times by PBS-Tween20, then blocked 
with BSA (Sigma-Aldrich, Waltham, CA, USA) at 37°C. 
IgY titration was performed by adding 100 μL IgY to the 
wells, with a serial dilution of IgY anti-SARS-CoV-2 spike 
protein (My BioSource) as standard and PBS-Tween20 as a 
negative control. The plate was incubated at 37°C, washed, 
then incubated with rabbit polyclonal antibody anti-chicken 
IgY-HRP (Abcam, Cambridge, MA, USA) diluted 1:10,000 
in PBS-Tween20. After rewashing, enzymatic activity was 
detected by adding 100 μL TMB substrate and incubating for 
10 minutes in the dark. The reaction was stopped by adding 
1 M phosphoric acid, and optical density was measured at 
450 nm using a DTX-880 Multimode Detector (Beckman 
Coulter, Brea, CA, USA).

Dot Blot Assay 
A dot blot assay was performed on 10 SARS-CoV-2 
positive nasopharyngeal swab lysate samples from routine 
clinical diagnostic testing for SARS-CoV-2 Spike using 
electrochemiluminescent immunoassay (ECLIA) Roche 
Elecsys SARS-CoV-2 Antigen ECLIA (Roche, Basel, 
Switzerland). Nitrocellulose membranes were spotted with 2 
µL of samples and air-dried. Membranes were blocked using 
5% BSA in TBS-T (20 mM Tris-HCl, 150 mM NaCl, 0.05% 
Tween20, pH 7.5), then incubated at room temperature with 
an in-house IgY antibody produced in this study (1:1,000 in 
TBS-T). Following incubation, the membranes were washed 
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three times with TBS-T. For detection, the membranes 
were incubated with a rabbit polyclonal anti-chicken IgY-
HRP (diluted 1:10,000 in 5% skim milk in TBS-T) at room 
temperature and washed. Chemiluminescence detection 
was performed using WesternBright™ Quantum (Advansta, 
San Jose, CA, USA), and images were captured using a 
VersaDoc imaging system (Bio-Rad).

Surrogate Virus Neutralization Test (sVNT) Assay
The neutralization activity of IgY anti-S1 was demonstrated 
using sVNT (GenScript, Piscataway, NJ, USA). The SARS-
CoV-2 sVNT kit was a blocking ELISA that mimics the 
virus neutralization process by evaluating the inhibition 
of horse radish peroxidase-conjugated receptor binding 
domain (HRP-RBD) binding to human ACE2 receptors by 
anti-SARS-CoV-2 RBD antibodies. Purified IgY anti-S1 
(concentrated tenfold using Amicon® Ultra-15 Centrifugal 
Filter with a 100 kD cut-off), the positive control, or PBS 
(negative control), were mixed with HRP-RBD solution at 
a 1:1 v/v and incubated at 37°C for 30 minutes. Then, 100 
µL of each mixture was added to the corresponding well 
of the ELISA plate and incubated at 37°C for 15 minutes. 
Following incubation, the plate was washed and 100 µL 
TMB solution was added. The plate was then incubated in the 
dark at room temperature for 15 minutes. The reaction was 
stopped by adding 50 µL stop solution and absorbance was 
measured at 450 nm using a DTX-880 Multimode Detector 
(Beckman Coulter). The inhibition rate was calculated using 
the following equation: Inhibition (%) = 100 x (1 - (OD of 
sample / OD of negative control)).

Statistical Analysis
The IgY anti-S1 ELISA and sVNT titers were analyzed 
using a two-tailed unpaired Student’s t-test to compare the 
immunized groups with the pre-immunization titers. The 
p<0.05 were considered statistically significant. 

N A N A N A
pUNO1His-SARS2-S1 (Wuhan-Hu-1) GAC D CTG L GAA E

pUNO1His-SARS2-S1 D614G/L452R/E484Q (Delta variant) GGC G CGG R CAA Q

Codon-optimized
614 452 484

Table 1. Site-directed mutagenesis of pUNO1His-SARS2-S1 for SARS-CoV-2 Alpha and Delta variants.

N: nucleotide, A: amino acid. 

Results

Plasmid Mutagenesis and Protein Expression
The original pUNO1His-SARS2-S1 plasmid contained 
the Spike S1 subunit coding sequences of the SARS-

CoV-2 Wuhan-Hu-1 (accession no NC_045512), featuring 
aspartic acid residue at position 614 (D614), blasticidin-
resistance gene (bsr), with an optimized signal sequence 
and codon-usage. Site-directed mutagenesis was performed 
on the pUNO1His-SARS2-S1 plasmid using QuikChange 
II XL Site-Directed Mutagenesis to introduce mutations 
corresponding to SARS-CoV-2 Delta variant as detailed in 
Table 1. The mutations confirmed by Sanger sequencing 
were presented in Supplementary 1.
	 Culture media from transfected and non-transfected 
(negative control) HEK293T cells in 6-well plates were 
collected at each time point and concentrated to ~200 µL to 
confirm S1 subunit protein expression. As shown in Figure 
2A, a single band ~150 kDa was detected in all transfected 
samples but absent in the negative control. The strongest 
band appeared on day-3, suggesting this as the optimal 
incubation time for S1 subunit protein production.
	 Immunogen production was performed by similar 
transfection method, in T-150 cm2 flasks, yielding a 
concentration ranging from 0.5-1 mg/mL medium. Culture 
media were collected and concentrated to ~1 mg/mL for 
confirmation. A SARS-CoV-2 Spike S1 protein fused to a 
poly-histidine tag (~123 kDa) served as the positive control. 
As shown in Figure 2B, both the immunogen and positive 
control displayed a single band at ~150 kDa, corresponding 
to the expected protein size.

High-Titer Neutralizing Anti-S1 IgY Produced from 
Immunized Layer Chicken 
To evaluate the immune response induced by immunization, 
eggs were collected daily post-immunization to evaluate anti-
S1-specific IgY titers, with pre-immunization eggs (day-1) 
serving as the baseline. IgY was purified from egg yolks and 
the purity was confirmed using SDS-PAGE. As shown in 
Figure 3A, the gel revealed distinct bands corresponding to 
the IgY heavy chain (~65 kDa), light chain (~25 kDa), and 
a truncated form of the heavy chain, confirming successful 
IgY purification. IgY titer was then quantified using ELISA, 
while neutralizing activity was evaluated by sVNT. 
	 As shown in Figure 3B, both chickens (Ck1 and Ck-2) 
demonstrated increased anti-IgY titers following the second 
immunization. Ck-2 consistently showed higher IgY peaking 
at 2.08 mg/mL on day-56, while Ck-1 reached a maximum 
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Figure 2. Confirmation of SARS-CoV-2 S1 subunit protein 
expression. A: Optimization of transfection duration in HEK293T 
cells using three incubation times resulted three days incubation 
was the most optimal incubation time. M: Marker; D3, D5, D7: 
media collected on day-3, 5, and 7 post-transfection; (-)D3, (-)D5, 
(-)D7: non-transfected controls collected on the corresponding 
days. B: Reproducibility of S1 subunit protein expression from 
day-3 transfection, confirming its suitability for immunogen 
production. S1: S1 transfected sample; S2: S2 transfected sample; 
(-): negative control; (+): positive control; M: Marker.

S1       S2       (-)       (+)       M

150 kDa

150 kDa

M       D3      D5      D7      M    (-)D3  (-)D5  (-)D7A

B

of 1.59 mg/mL on day-120. Statistical analysis of the mean 
of IgY titers when compared to the pre-immunization titer 
(Figure 3C) showed significantly elevated IgY titers on day-
92, -106, and -120, or after the fifth immunization, i.e., 1.21, 
1.72 and 1.48 (p=0.0076, 0.0399 and 0.0062), respectively, 
confirming a robust antibody response over time.
	 Neutralizing activity, as measured by via surrogate 
virus neutralization test (% sVNT), also increased over 
time, with significant elevations observed beginning at day 
50. Based on manufacturer’s manual, sVNT titer cut-off 
to be considered had the neutralizing potency was >20%. 
sVNT results mirrored the anti-IgY titer trends, with Ck-2 
achieving a maximum neutralization of 51.3%, and Ck-1 
reaching 62.8% by day 120. The mean of sVNT titers 
when compared to pre-immunization titer was consistently 
significant after the third immunization, i.e., day 50, 56, 
78, 92, 106 and 120, i.e., 31.9%, 34.95%, 26.9%, 47.6%, 
54.95% and 57.3% (p=0.0005, 0.0021, 0.0324, 0.0280, 
0.0004 and 0.0094), respectively (Figure 3C).
	 A slight decline in IgY titers was observed in both 
chickens after the fourth immunization (day-71), which was 
followed by a marked increase after the fifth dose, especially 
in Ck-1. This pattern highlights the importance of booster 
immunizations for maintaining antibody levels.

Increase of Specific IgY Proportion Relative to Total IgY 
Following Immunization
To assess the yield of specific IgY against the S1 subunit, 
we compared anti-S1 IgY to total IgY levels at each time 
point, as shown in Figure 3D. Relative anti-S1/total IgY 
ratios also increased significantly in both chickens, with 

Ck-2 exhibiting higher overall specificity. On average, the 
proportion of anti-S1 IgY reached 5% three weeks after the 
first immunization, though this was observed in only one 
hen. By day-35 (two weeks after the second immunization), 
measurable anti-S1 IgY was detected in both hens, 
accounting for 17% of total IgY. The proportion of specific 
IgY continued to rise, peaking at 29% after the fifth 
immunization on day-106 (p<0.05). These results indicate a 
progressive increase in S1-specific IgY following repeated 
boosters, though responses varied between individuals.

Reactivity of Anti-S1 IgY Antibodies Against Clinical 
Samples 
There was limited information on whether SARS-CoV-2 
specific IgY could bind to clinical specimens. In this 
study, we investigated the reactivity of anti-S1 IgY to 
nasopharyngeal swab samples collected from confirmed 
COVID-19 patients. The IgY sample used was collected 
from Ck-2 on day-106, corresponding to the highest anti-S1 
IgY yield following the final immunization. Clinical 
specimens were leftover nasopharyngeal swabs that had 
been lysed and tested positive using the ECLIA for SARS-
CoV-2. After testing, the lysates were stored at -4°C and 
subsequently used in a dot blot assay within 72 hours of 
collection to assess IgY reactivity. As shown in Figure 4, 
all clinical specimens produced visible gray spots on the 
membrane, indicating positive binding with the anti-S1 IgY. 
These results demonstrate that IgY antibodies generated in 
immunized chickens can recognize SARS-CoV-2 antigens 
in actual clinical samples.

Discussion

The potential of IgY for the prophylaxis of infectious 
diseases, including the evolving COVID-19 pandemic, has 
been previously reported.(23,26,29) Although the ideal 
production of IgY is conducted using specific-pathogen-
free (SPF) chickens, SPF facilities are costly, limited in 
availability, and generally not equipped for large-scale 
production.(12,30) Therefore, layer chicken farms serve 
as practical alternative. Moreover, scaling IgY production 
at local farm conditions is remarkably cost-effective, due 
to the relatively low-cost maintenance compared to the 
substantial overhead associated with laboratory facilities. 
(22) Initially, this study aimed to produce IgY using 
SARS-CoV-2 field isolates as the immunogen in a group 
of twenty hens. However, at the time, no institution could 
provide a continuous, large-scale supply of SARS-CoV-2 
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Figure 3. Anti-S1 IgY production and neutralizing activity in immunized layer chickens. A: SDS-PAGE analysis of purified IgY 
showing distinct bands corresponding to the heavy chain, truncated heavy chain, and light chain. B: ELISA quantification of anti-S1 IgY 
titers in milligram in each milliliter of total IgY (primary Y axis, bars) and percentage of virus neutralization measured by surrogate virus 
neutralization test (sVNT) (secondary Y axis, lines) over time in two chickens (Ck-1 and Ck-2). Ck-1: blue bars (IgY titer) and blue line 
(% sVNT); Ck-2: orange bars (IgY titer) and orange line (% sVNT). Arrows indicate immunization time points with 2–3 weeks intervals. 
C: Quantitative comparison of IgY titers and sVNT percentages for each chicken at specified time points, including statistical significance 
(*p<0.05). D: Relative anti-S1 IgY to total IgY levels, indicating increasing specificity post-immunization, with significant differences 
highlighted (*p<0.05). 
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Ck-2 Relative anti-S1/total IgY 0.011 0.100 0.277 0.282 0.335 0.302 0.143 0.199 0.358 0.246

Means of anti-S1/total IgY (%) 1 5 17 16 20 21 12 21 29 23
p -value of anti-S1/total IgY 0.4716 0.2686 0.3448 0.2926 0.1696 0.0557 0.0019* 0.0488* 0.0050*
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viral cultures, thus we could not conduct the study in a 
larger group of animals. Given these constraints, this study 
was re-designed with three main objectives: to produce 
recombinant SARS-CoV-2 Spike S1 subunit protein during 
COVID-19 pandemic emergency as alternative to field 
isolate; to generate anti-S1 IgY in farm layer chickens using 
the recombinant protein as the immunogen; and to assess the 
potency of the resulting IgY based on specific antibody titer, 
neutralizing activity, and reactivity to clinical specimens. 
	 The sVNT is widely used to evaluate the potency 
of neutralizing antibodies without the need for live virus 

or biosafety level 3 (BSL-3) facilities.(31,32) Due to 
the limited time and our laboratory-scale recombinant 
protein production, we were only able to produce enough 
immunogen for two hens at each time point. This has 
been a major limitation of this study. However, the use of 
recombinant S1 protein produced in-house successfully 
elicited strong immune responses in chickens, with a dose 
of 1 mg per injection in 2-3 weeks interval. While other 
studies report effective doses ranging from 2.5 to 500 μg, 
(12,30,33,34) we did not encounter any difficulty producing 
sufficient quantities of recombinant protein. For non-SPF 
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Figure 4. Reactivity of IgY anti-S1 from Ck-1 against clinical 
specimens. Samples 1–10 represent leftover lysates from 
nasopharyngeal swabs of ten patients who tested positive for 
SARS-CoV-2 using the Elecsys Roche CLIA rapid SARS-CoV-2 
assay. (+): SARS-CoV-2 S1 control protein; (–): sample diluent 
(negative control).

chickens, we considered hyperimmunization at 1 mg/
injection to be more effective. Nonetheless, we recognize 
that dose optimization is important for future cost-efficient 
production. The recombinant S1 protein used in this study 
induced a strong IgY response, with specific anti-S1 IgY 
comprising 17% of total IgY after the second immunization 
and increasing to 29% after the fifth. Previous studies have 
reported that only 2–10% of total IgY in immunized farm 
hens is specific to the target antigen (35), suggesting that 
the IgY response we achieved is comparatively high. This 
indicates that the recombinant S1 subunit protein from the 
Delta variant can induce a substantial yield of neutralizing 
IgY in farm chickens. Importantly, the anti-S1 IgY produced 
in this study demonstrated reactivity against clinical 
specimens collected during a period when the Omicron 
variant accounted for over 90% of SARS-CoV-2 infections. 
(1,36) This suggests that the generated antibodies may offer 
cross-reactivity with current circulating variants. However, 
a major limitation is that the clinical samples were residual 
lysates from point-of-care testing and were not sequenced 
to confirm the infecting variant. Moreover, the number of 
specimens was limited.
	 According to the 2019 technical guidance from the 
Indonesian Ministry of Agriculture, farm layer chickens 
routinely receive vaccinations against various diseases, 
including Newcastle disease, avian influenza, infectious 
bursal disease, Coryza, Marek’s disease, and infectious 
bronchitis, from one month of age.(37) This suggests that 
chickens raised under standard commercial vaccination 
programs are still capable of mounting robust immune 

responses to novel antigens like recombinant S1, although 
SPF chickens remain the gold standard for IgY production.
Even though in this study, the number of chickens used (n=2) 
was small, the immunization dose optimization was not 
performed, and there was no challenge test was conducted; 
yet  this study offered a feasible and rapid-response 
strategy during the COVID-19 emergency. Although 
SPF chickens may give a higher yield and less individual 
variety, farm layer chickens provide a practical platform in 
terms of infrastructure, nationwide availability, and cost-
effectiveness. Although we had the expertise to conduct 
additional experiments, constraints during the study period, 
including lack of animal BSL-3 facilities, unavailability of 
local virus isolates, limited emergency funding, and tight 
timelines, prevented us from performing further validation. 
Future studies should include a larger number of animal 
replicates, challenge tests in animal and virus neutralization 
assays using circulating field isolates, and a larger number 
of clinical isolates for functionality tests to confirm and 
validate the efficacy of the IgY antibodies produced. 

Conclusion

A high-yield and functional IgY anti-S1 SARS-CoV-2 Delta 
variant can be produced from farm chicken immunized with 
an in-house recombinant protein. This study offers a proof-
of-concept of a safe, scalable, and cost-effective method to 
produce functional anti-Spike IgY antibodies for diagnostic 
or treatment in farm chickens during pandemic emergencies 
in low-resource settings.
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